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Abstract
Epidemiological studies have suggested an association between particulate air pollution, increased temperatures, and morbidity
related to pregnancy outcomes. However, the roles of desert dust storms and climatological factors have not been fully addressed.
The objectives of the present study were to investigate the association between desert dust storms, particulate matter with a
diameter ≤10 μm (PM10), daily temperatures, and toxemia of pregnancy and spontaneous abortion in Gaziantep, South East
Turkey. The study was conducted retrospectively at emergency department of two hospitals in Gaziantep city. Data from January
1, 2009, to March 31, 2014, were collected. Patients, who were diagnosed with toxemia of pregnancy and spontaneous abortion
by radiological imaging modalities, were included in the study. Daily temperature ranges, mean temperature values, humidity,
pressure, wind speed, daily PM10 levels, and records of dust storms were collected. A generalized additive regression model was
designed to assess variable effects on toxemia of pregnancy and spontaneous abortion, while adjusting for possible confounding
factors. Our findings demonstrated that presence of dust storms was positively associated with the toxemia of pregnancy both in
outpatient admissions (OR=1.543 95% CI=1.186–2.009) and inpatient hospitalizations (OR=1.534; 95% CI=1.162–2.027).
However, neither PM10 nor maximum temperature showed a marked association with spontaneous abortion or toxemia of
pregnancy in our study population. Our findings suggest that desert dust storms may have an impact on the risk for adverse
pregnancy outcomes such as toxemia of pregnancy. Health authorities should take necessary measures to protect pregnant
women against detrimental effects of these storms.
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Introduction
The inhalation of pollutants that are dispersed in the atmo-
sphere is thought to affect human health adversely.
Meteorological factors such as winds, temperature, pressure,
and humidity also cause these pollutants to impact areas which
are far from their sources. The impacts of these pollutants on
environment and human health vary depending on the type of
pollutant, its amount in the atmosphere, and length of time in
the atmosphere (Tecer 2009).
Maternal and infant mortality are two of the parameters that
show the development level of countries. Abortion and toxe-
mia of pregnancy (preeclampsia/eclampsia) are among the
most significant causes of maternal and infant mortality. The
loss of fetuses, which weigh below 500 g or for which the
gestation period is less than 20 weeks, is defined as abortion
(Büyükkurt et al. 2007). Preeclampsia is a significant cause of
mortality and morbidity for both mother and fetus. After week
20 of pregnancy, detection of the following should suggest
preeclampsia: >160 mmHg systolic blood pressure or
>110 mmHg diastolic blood pressure measured twice at inter-
vals of at least 6 h in a sitting position; pulmonary edema,
epigastric or right upper quadrant pain; abnormal results in
liver function tests; thrombocytopenia; fetal growth disorder;
oliguria (<500 mL at 24 h); and proteinuria (Bozdag 2015). In
addition to the results above, eclampsia is diagnosed if con-
vulsions occur (Yıldırım et al. 2011).
There are several studies reporting that particulate matter
(PM) exposure during pregnancy, increases the risk of both
toxemia of pregnancy and spontaneous abortion (Wang et al.
2018; Grippo et al. 2018; Dastoorpoor et al. 2017; Ha et al.
2018). Similarly, studies reported that increased temperatures
were associated with increased number of stillbirth (Rammah
et al. 2019; Basu et al. 2016) and miscarriage (Sun et al. 2020;
Asamoah et al. 2007) toxemia of pregnancy and spontaneous
abortion. However, few studies reported controversial find-
ings about the impact of desert dust storms on adverse preg-
nancy outcomes, and although a positive association between
dust events and preterm births (Viel et al. 2019) and low birth
weight (Moreira et al. 2020) was reported, no relationship
between desert dust storms and preeclampsia was found
(Dadvand et al. 2011).
Gaziantep is the 8th biggest city in Turkey, and it is located
in the South East Turkey, close to the Syrian border. It is
among the most polluted cities in Turkey (Köne and Büke
2012; Who-Breathlife. 2020). The annual mean concentration
of inhaled particulate matter with a diameter ≤10 μm (PM10)
in Turkish city centers in 2000 was 49 μg/m3. This was much
higher in Gaziantep (55μg/m3) (Köne and Büke 2012). These
concentrations are more than double of the annual meanWHO
standard, which is 20 μg/m3 (WHO. 2005). Recent data from
WHO sponsored “BreatheLife - A global campaign for clean
air” has reported the annual PM2.5 levels for Gaziantep as
66μg/m3, 6.6× the 10μg/m3 WHO guideline (Who-
Breathlife. 2020). The city is under the risk of desert dust
storms like the other Southeastern Anatolian provinces in
Turkey (Baltaci 2017). Gaziantep and these provinces in
Southeast Turkey are under effects of dust storms originating
from deserts located in the Middle East’s Syrian desert and
Africa’s Saharan desert (Baltaci 2017; Bayram and Öztürk
2014; Perfumo and Marchant 2010). Study suggests that the
frequency of desert dust storms have increased in the Middle
East (Ganor et al. 2010). Recently, we have investigated ef-
fects of desert dust storms, PM10 and maximum temperature
onmorbidity andmortality due to cardiovascular diseases, and
we found that desert dust storms, PM10 levels and maximum
temperature were associated with increased ER visits and hos-
pitalization due to acute coronary syndrome. Additionally,
PM10 and maximum temperature led to increased mortality
associated with acute coronary syndrome (Al et al. 2018).
To our knowledge, there are no studies investigating im-
pact of desert dust storms, meteorological parameters, or air
pollution on abortion or toxemia of pregnancy in Gaziantep,
South East Turkey. This study is designed to examine the
effects of the desert dust storms, PM10 levels, and daily
mean-maximum temperature on spontaneous abortion and
toxemia of pregnancy in Gaziantep. Our findings suggest that
desert dust, increased PM levels, and temperature changes
impact admissions and hospitalizations associated with toxe-
mia of pregnancy and spontaneous abortion.
Methods
This study was conducted retrospectively in Gaziantep after
obtaining the approval of the ethics committee. The study was
performed in pursuance of the Declaration of Helsinki
Protocols. The study examined patient admission and hospi-
talization records in Avukat Cengiz Gökçek Maternity
Hospital and Gaziantep University Medical Faculty Hospital
in Gaziantep. Data records were collected from January 1,
2009, to March 31, 2014.
Inclusion criteria Patients over 18 years of age, with a con-
firmed pregnancy through laboratory tests and sonography,
with developed spontaneous abortion before a duration of 20
weeks, and confirmed with laboratory results and sonography,
and patients diagnosed with toxemia of pregnancy beyond 20
weeks were included in this study.
Meteorological parameters and detection of particulate mat-
ter The highest, the lowest, and average temperature values as
well as humidity, pressure, and wind velocity data for the
relevant dates were obtained from the General Directorate of
Meteorology. Information on daily of PM10 values in
Gaziantep was obtained from the Air Quality Laboratory of
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the Ministry of Environment and Urbanization. Information
regarding daily desert dust storms within the dates of the study
periodwere obtained from the website http://earthobservatory.
nasa.gov/, a website owned and operated by NASA. Daily
aerosol optical depth (AOD) over land and ocean mean values
was obtained for the coordinates of Gaziantep city. AOD
values indicate how much direct sunlight is prevented from
reaching the ground by these aerosol particles. An increased
AOD value indicates more dust and haze in the atmosphere
(NOAA Research 2020; Wilcox et al. 2010). As reported by
the National Oceanic and Atmospheric Administration, an
AOD of 0.01 corresponds to an extremely clean atmosphere,
and a value of 0.4 corresponds to a very hazy condition. In the
present study, we used an AOD value >0.5 as an indicator of
desert dust storm day. Additionally, the presence of desert
dust storm days was also confirmed by the records of
Gaziantep Airport, Gaziantep, Turkey.
Data classification Disease groups, date of admission, daily
PM10, dust storm dates and maximum daily temperature data
were tabulated.
Statistical method Normal distribution of the data was
tested using the Shapiro–Wilk test. The Student’s T-test
and Mann-Whitney U test were used in the comparison
of two independent groups of variables with normal or
without normal distribution, respectively. Generalized
Adaptive Additive Poisson Regression models (Aldrin
and Hobæk Haff 2005; Ravindra et al. 2019) were uti-
lized to analyze the impact of the daily effect of PM10
levels, and the lag effect in the subsequent three days
(lag 0 = day zero; lag 1 = day one; lag 2 = day two,
lag 3 = day three of high PM10 levels, respectively),
daily maximum temperature (MT0= day zero (0) of max-
imum temperature levels), and presence of dust storm
(DS0= day zero (0) of dust storms) on admission and
hospitalization and mortality due to spontaneous abor-
tion and toxemia of pregnancy. Log link family was used
for smoothing function and penalized smoothing splines
were used to adjust for seasonal patterns and long-term
trends in disease morbidity adding time as a smoothing
variable. All univariate statistical analyses were per-
formed by SPSS for Windows (version 24.0) and gener-
alized additive Poisson regression models were applied
by mgcv package in R (version 3.4.1) for generalized
additive modeling (GAM). The GAM command in mgcv
was applied to solve the smoothing parameter estimation
problem by using the generalized cross-validation
(GCV) criterion. Best degree of freedom was automati-
cally selected by GCV based on Un-Biased Risk
Estimator (UBRE) criterion. Adjusted odds ratios (ORs)
and 95% confidence interval (CI) estimates were calcu-
lated to show the direction of the effects.
Results
Eighty-six desert dust storms were identified from September
1, 2009, to January 31, 2014 (1916 days in total). In total,
6410 hospital admission cases were included in this study.
Among those cases, 6053 of them were abortion cases, and
the mean age of the patients was 28.3 years. Three hundred
and fifty-seven cases had toxemia of pregnancy and the mean
age was 34.5 years. Of the cases of toxemia of pregnancy, 181
(50.7%) underwent outpatient treatment, and 176 (49.3%) re-
ceived inpatient treatment (Table 1).
Table 2 shows the descriptive statistics for pollutants and
meteorological variables in days with dust storms comparing
to no dust storm days. The mean, minimum and maximum
temperatures were significantly higher in dust storm days
(P<0.001), as compared to no dust storm days, and air pres-
sure (mbar) was significantly lower (P<0.001), when a dust
storm was present. PM10 levels and relative humidity between
dust storms days, and no dust storm days did not show any
significant difference.
As can be seen in Table 3, there were not large differences
in the PM10-associated odds across spontaneous abortion
cases on day 0 (PM10-lag 0, OR=0.999; 95%, CI=0.998–
0.999), day 2 (PM10-lag 2, OR=0.998; 95%, CI=0.997–
0.999), and day 3 (PM10-lag 3, OR=0.998, CI=0.998–
0.999). Similarly, increases in maximum temperature was
not associated with a meaningful change in spontaneous abor-
tion (OR=0.991, 95% CI=0.988–0.993). When dust storm
days were examined, a similar result was observed
(OR=0.980; 95% CI=0.977–0.983) (Table 3).
The analysis of data on toxemia of pregnancy did not dem-
onstrate a marked difference in PM10-associated odds ratios
(PM10-lag 3, OR=1.003; 95% CI=1.000–1.006), either.
However, although daily maximum temperature increase did
not show a meaningful effect, presence of dust storms posi-
tively associated with toxemia of pregnancy both in outpatient
admissions (OR=1.543 95% CI=1.186–2.009) and inpatient
hospitalizations (OR=1.534; 95% CI=1.162–2.027) (Table 3).
Discussion
For the first time, the effects of desert dust storms, PM10
pollution and daily temperatures on spontaneous abortions
and toxemia of pregnancy in Gaziantep, Southeast Turkey
were investigated in this study. Although, there was no
marked difference in the relation between PM10 levels, desert
dust storms and maximum temperature and spontaneous abor-
tion, dust storms were positively associated with toxemia of
pregnancy. Our findings suggest that desert dust storms have
adverse effects on obstetric morbidity.
Although natural dust sources such as desert dusts can con-
tribute to the PM pollution (Dadvand et al. 2011), whose
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adverse effects on pregnancy are well described (Hu et al.
2014; Enkhmaa et al. 2014; Pedersen et al. 2014), the data
on impact of desert dust on obstetric pathologies are limited
(Dadvand et al. 2011; Viel et al. 2019; Moreira et al. 2020). In
a study that observed 909 pregnant women, there was a pos-
itive association between PM10 levels and intense dust events
and all preterm births (Viel et al. 2019). Similarly, Moreira
et al. (2020) reported that desert dust intrusion or advections
were associated with low birth weight and preterm weight
(Moreira et al. 2020). Our data indicating an increased risk
of toxemia of pregnancy in both outpatients and inpatients
associated with desert dust storms complement these
findings. In contrast, a study by Dadvand et al. (2011) could
not identify a relationship between desert dust storms and
preeclampsia, which is a pregnancy-induced complication.
On the other hand, our data on spontaneous abortion did not
show an association with desert dust storms.We think lifestyle
and cultural aspects of the local population including staying
inside and limitation in physical activity, which can decrease
the adverse events related to pregnancy (El-Metwalli et al.
2001), on desert dust days might have a protective effect.
We also assume that some women, who had bleeding during
early pregnancy, did not present to a hospital.
Epidemiological evidence has revealed that PM10 and
PM2.5 exposure during pregnancy may lead to fetal death,
low birth weight, intrauterine growth retardation and preterm
birth (Rudra et al. 2011; Bell et al. 2010; Salam et al. 2005).
Similarly, PM exposure during pregnancywas associatedwith
increases in the risk of toxemia of pregnancy and spontaneous
abortion (Enkhmaa et al. 2014;Wang et al. 2018; Grippo et al.
2018; Dastoorpoor et al. 2017; Ha et al. 2018). However, our
findings did not show a marked change in the risk of toxemia
of pregnancy or spontaneous abortions. A reason for such a
discrepancy between our data and those of others could be due
to small sample size, as our data were obtained from two
public hospitals out of all public hospitals and private clinics
in Gaziantep city center. Other factors could be the traditional
attitudes of the public or local cultural features, as described
above.
Studies suggest that the content, size and nature of particles
may modulate toxicity of particles (Bayram et al. 1998;
Alfaro-Moreno et al. 2007; Kwon et al. 2020). It has been
shown that PM2.5 may be more harmful to health, because
of their larger surface area and smaller size (Kwon et al.
2020). In our study, we studied effects of PM10, which may
systemically be less effective than PM2.5 particles that can be
Table 1 Descriptive statistics
Parameter median (IQR) n
Cases Total=6410 (abortions=6053; toxemia of pregnancy= 357)
Age 28.65 (18–59)
PM10 (μg/m3) 72 (48–115)
Mean temp (°C) 14.5 (7.6–24.5)
Max. temp (°C) 21.8 (12.6–31.8)
Min. temp (°C) 9.1 (4–17.8)
Relative humid. 60.3 (41–79)
Air pressure (mbar) 915.7 (912.3–919.75)
Total days/dust storm days 1916/89







Dust storms present (n=89
days)
No dust storms (n=1827
days)
P
PM10 (μg/m3) 72 (48–115) 74 (53.25–135) 72 (48–114) 0.227
Mean temp (°C) 14.5 (7.6–24.5) 21.8 (16.7–27) 13.9 (7.3–24.2) 0.001*
Max. Temp (°C) 21.8 (12.6–31.8) 28.55 (23.42–34.57) 21.2 (12.4–31.6) 0.001*
Min. Temp (°C) 9.1 (4–17.8) 16.1 (10.8–21.3) 8.7 (3.9–17.6) 0.001*





913.4 (910.8–916.05) 915.9 (912.4–919.9) 0.001*
IQR, inter-quartile range
*Significant at 0.05 level; Mann-Whitney U test
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inhaled deep into alveoli, enter into the circulation, and then
travel to organs and systems, where they can show detrimental
effects (Alfaro-Moreno et al. 2007; Kwon et al. 2020).
Unfortunately, it was not possible to study impact of PM2.5,
since only PM10 has been monitored at the local monitoring
station in Gaziantep city center, and only the data on PM10
parameter were available during the study period. Moreover,
in vitro human cell studies demonstrated that content and
compounds adsorbed on particles such as polyaromatic hydro-
carbons could play a role in the toxicity of particles (Bayram
et al. 1998). Dust content also may modulate detrimental ef-
fect of particles. For example, it has been reported that inhaled
PM10 were more toxic for days with intrusion of Saharan dust
compared to those without (Moreira et al. 2020). In our study,
although PM10 did not show an effect, desert dust markedly
associated with toxemia of pregnancy in both out- and inpa-
tients. However, in the current study, it was not possible to
analyze particle content either during or out of dust storm
days.
It is known that exposure to high temperatures increases
pregnancy losses in mammals (Jaichansukkit et al. 2017; Iida
and Koketsu 2015; Asamoah et al. (2007). In a study by
Rahman et al. (2017), the body temperature of pregnant wom-
en, who were exposed to external heat, could reach a level
causing fetal destruction or anomaly. In a study examining
1382 materials of spontaneous abortion, Talukder et al.
(2007) concluded that spontaneous abortions were more fre-
quent in hot seasons. A study by Janani and Changaee (2017)
suggested that the incidence of preeclampsia increased in hot
seasons. However, Asamoah et al. (2007) could not find a
significant correlation between exposure to high temperatures
and pregnancy losses in their study conducted in Ghana. In
our study, the maximum temperature did not show a mean-
ingful effect on toxemia of pregnancy or the number of spon-
taneous abortions. Although we have no clear explanation for
such a condition, as aforementioned, traditional behaviors
such as staying inside in a city with hot temperatures on warm
days, the use of air conditioning indoor, as well as paying
attention to medical and non-medical precautions and warn-
ings by health authorities might have a protective effect.
Conclusion
Although our study did not demonstrate a significant associa-
tion between PM10 pollution and meteorological factors such
as maximum temperature on the risk for adverse pregnancy
outcomes, desert dust showed a modest effect on the increased
risk for toxemia of pregnancy in Gaziantep, Southeast Turkey.
Health authorities should warn pregnant women to stay at
home, whenever there are dust storms. Policy makers and
health authorities should take necessary measures to protect
pregnant women against detrimental effects of these storms.
Further actions should be taken to mitigate global climate
change worldwide.
Limitations of the study
A major limitation of our study may be the small size of the
study population from two public hospitals out of more than
30 hospitals and private clinics, where pregnant women could
apply during the study period. Thus, our findings may not be
able to represent the entire population of Gaziantep city.
Availability of data and materials Raw data are available for editor on
request.
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